SUMMARY Venticular arrhythmias are common after repair of tetralogy of Fallot and are associated with late sudden death. This study exained the relation of ventricular arrhythmia during normal daily activities to the tming of repair, duration of follow up, and postoperative haemodynamic status. Forty eight hour ambulatory electrocardiographic monitoring was performed in 145 patients: 60 (aged 3 months to 46 years) had not yet undergone repair and 85 were followed from four to 22 (mean 14-6) years after repair. Cardiac catheterisation was performed in 47 (55%) one to 22 (mean 8.9) years after repair. Twelve (20%) of the uncorrected group had ventricular arrhythmia. The incidence increased significantly with age from 0% in patients aged <8 years to 58% in those aged > 16 years. In the corrected group 44% had ventricular arrhythmia. The incidence of arrhythmia was associated with older age at repair but not with postoperative haemodynamic status, duration of follow up, or era of surgery.
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It is concluded that ventricular arrhythmia is common in older patients with tetralogy of Fallot before repair and that during long term follow up of patients after repair the incidence of ventricular arrhythmia is influenced by the timing of surgery rather that the duration ofpostoperktive follow up, era of surgery, or the haemodynamic result.
Ventricular arrhythmia is common after repair of tetralogy of Fallot.12 Previous studies have investigated the relation of arrhythmia to electrocardiographic conduction defects, postoperative haemodynamic status, and the occurrence of late sudden death.3 The relation of ventricular arrhythmia to the natural history of the condition and to the timing of surgical repair has not, however, been exained.
In this study we determined the incidence of arrhythmia and its relation to age in patients who had not undergone correction. We also ass the relation of arrhythmia to the age at repair, duration of follow up, era of surgery, and postoperative haemodynamic status in a separate group after correction. (Fig. 2) . Five of the six patients with ventricular tachycardia were more than 10 years old at the time of repair. Using an additive logistic model, the effect of age at repair on the influence of ventricular arrhythmia was highly significant (X2 (2 df)= 17X5, p<0-001). The ventricular arrhythmia to the interval between repair and electrocardiographic monitoring was also studied. As monitoring was performed over a short period of time (two years) in relation to the follow up duration this interval between monitoring and repair also corresponds to the era of surgery. There was no relation between the age at operation and the era of surgery. The duration of follow up or era of surgery did not have a significant effect on the incidence of ventricular arrhythmia (X2 (2 df)=0-28, p>0-90).
Cardiac catheterisaion
The right ventricular systolic pressure was <35 mm Hg in 15 (32%) patients, 36-60 mm Hg in 18 (38Yo), and >60 mm Hg in 14 (30%) as a result of a residual right ventricular outflow gradient. The pulmonary artery pressure was normal (<30 mm Hg) in all patients, and only one had evidence of a small interventricular shunt (Qp:Qs ratio 1-6: 1). There was no significant association between the level of right ventricular systolic pressure (Fig. 3) or end diastolic pressure and the presence ofventricular arrhythmia (mean (SD) end diastolic pressure 7 (3-7) mm Hg in the patients with ventricular arrhythmia compared with 6-2 (2.6) mm Hg in those without).
Discussion
The long term survival and symptomatic status of patients who have undergone repair of tetralogy of Fallot are excellent.9 Retrospective studies, however, have reported an incidence of late sudden death of up to 4% and have suggested that these deaths may result from ventricular arrhythmia.'310 1 In our study, 44% of patients after repair of tetralogy of Fallot had ventricular arrhythnias of grade 2 or greater during their normal daily activities. This raises two questions. What clinical or haemodynamic factors are associated with these arrhythnias? Do they contribute to long term morbidity and mortality?
Previous reports have focused on the relation of ventricular arrhythmia to the haemodynamic status of the patient after repair. Garson et al found a significant association between the presence of ventricular extrasystoles and an increased right ventricular systolic pressure,3 and Rosing et al reported high grade ventricular arrhythmias in patients with increased right ventricular dimensions on echocardiography. 4 We were unable to show an association between any grade of ventricular arrhythmia and residual increase in right ventricular systolic or end diastolic pressure. This applied equally to the patients with very frequent ventricular extrasystoles (grades 2 and 4) and to those with ventricular tachycardia (grade 5). Furthermore, in a separate study using radionuclide angiography there was no significant relation between right or left ventricular ejection indices and the presence of ventricular arrhythmia.'2 In contrast, we found a strong association between late ventricular arrhythmia and older age at the time of repair, which was independent of the duration of follow up and therefore in turn independent of the era in which cardiac surgery was performed. It is legitimate in this instance to equate duration of follow up with era of operation since all patients were studied electrocardiographically during a narrow time span. In our study the age at which surgery was performed was not related to the era of surgery. Our findings suggest that late ventricular arrhythmias are related to the timing of surgery rather than to the operation itself or to residual haemodynamic abnormalities. This is supported by the results of electrocardiographic monitoring in the 60 patients who had not yet undergone repair. In this group, a high incidence of ventricular arrhythmias was already present in the older patients. Katz 17 We were unable to assess the effect of the operation itself on ventricular arrhythmia as the same patients were not studied before and after repair; we have, however, shown that the incidence of ventricular arrhythmia during long term follow up is related to the age at repair and not to the postoperative haemodynamic status. Although many of our patients underwent repair at an older age than is the current practice, our findings support the trend towards early correction, which may reduce the incidence of late ventricular arrhythmia.
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